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T H E  MECHANICAL PROPERTIES OF STEEL, 
WITH SOME CONSIDERATION OF THE QUESTION 

O F  BRITTLENESS. 

- 
(Subsequent Communication from Mr. David M. Maclny on 

Dr. Hatjeld’s Paper,” with the Author’s Reply.) 
- 

Mr. DAVID M. MACLAY (of Messrs. David Colville and Sonl) 
wrote that Dr. Hatfield’s Paper was very interesting and instructive, 
and stimulated the reader to further inquiry into these most 
important matters. Dr. Hatfield had given them many valuable 
examples of the results of dynamic testing (impact, alternating, 
and repeated-blow tests) on steels and wrought iron, and these 
amplified the knowledge obtained from the accompanying static 
tests so clearly as to form a strong argument for their more 
general use in steel and engineering works. 

It seemed from reading the opening pages of the Paper that 
Dr. Hatfield was of the opinion that, if a steel were stressed within 
its elastic limit, it would never deteriorate or fail. I n  this 
connexion it might be interesting to know whether the elastic 
limit or the limit yf proportionality of a steel test-piece would be 
lowered if it were stressed a little under its elastic limit for a long 
period of +,he, say, twelve months. He emphasized from 
experience the Author’s opinion that failures were often caused 
by faulty treatment of the steel by the constructor, such as non- 
removal of sheared strained edges before bending operations, deep 
snap around rivet-holes, or omission to normalize after hot working. 

The Author said (page 353) : “The design and technique of the 

* Proceedings, I.Mech.Eng., 1919, page 347. 
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riveting will always have a profound influence, and no doubt many 
of the failures in boiler-plates might be rightly traced in that 
direction.” This remark was very true. Many failures in steel 
plates had been traced to microscopic cracks starting from rivet- 
holes. But microscopic cracks starting from rivet-holes were not 
always the cause of fracture. An example of this came within the 
writer’s knowledge lately. A piece of plate about 12 inches square 
and 3 inch thick, with several rivet-holes a t  one side, was cut down 
from a boiler-plate which had been thirty-four years in service. 
Cracks had developed in the boiler-plate to such an extent as to put 
it out of service. The small piece sent to his firm showed no sign 
of a crack, even after microscopic examination of sections cut from 
the rivet-holes. But in sawing off small test-pieces for tensile and 
bend tests it was noticed that where the saw-cut finished, close to 
and parallel with the line of rivet-holes, two fine hair-like cracks 
had developed. I n  striking the plate a sharp blow with another 
piece of steel to remove loose scale the cracks ran alongside, but a t  
a short distance from, the line of rivet-holes to’ the edge of the 
plate. A feature of these cracks was the fact that they did not run 
straight through to the other surface of the plate, but passed 
obliquely into the body of the metal to a distance of about 
two-thirds of the thickness. Micro-sections were cut, and it 
was clearly seen that the cracks were running in a bed of slag 
inclusion of rather formidable quantity. The marvel was, how this 
boiler gave such a long service as thirty-four years. 

On “The Investigation of Failures” Dr. Hatfield spoke of 
important cases which were even now only improperly understood. 
I n  this connexion it might be worthy of considbration that a large 
steel structure such as a boiler, bent, drawn, and rivet-bound to 
shape, without any subsequent normalizing, might be in  a very 
strained condition within the elastic limit, and when small pieces 
were cut therefrom for investigation, these pieces were not at all 
in the same strained condition. The separation of them from the 
main body had relieved the stresses to a great extent in  the small 
pieces separated, and therefore these pieces were not a true sample 
of the original mass. Would a micro-examination, for example, 
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made on a part of the large mass, show the same structure as one 
made on a small cut section 8 

Dr. Hatfield’s statementi? on “Impact Tests” were most 
instructive, and his conclusions on the value and limitations of 
notched-bar tests were very clear and convincing. On page 363 he 
said that, ‘‘ it is now definitely established that the properties of 
the material, as shown by the static tensile tests, . . , . fail a t  times 
to reveal differences brought out under the notched-impact tests. , . . 
Steels of the same hardness give widely different values under the 
impact test, and in  some such instances the tensile test, and, for 
that matter, the microscope, utterly fail to give any indication of 
the difference in the material.” From his own experience, he 
entirely concurred in these statements. The mechanism of the 
action of rupture in the Izod test, as explained by Dr. Hatfield, 
showed plainly that perhaps the greatest value of the notched- 
impact test was its detection of brittleness. He  was of the opinion, 
however, that the ordinary cold-bend and temper-bend tests (of 
which Dr. Hatfield’s Paper made no mention) were very valuable 
in detecting brittleness. 

For many years his firm had found an ordinary notched-bend 
test to be very valuable in detecting notched brittleness in steel. 
Some French engineers referred to steel in this condition as being 
“ Nervous Steel.’’ He  had found that when such steel was heated 
to a suitable temperature and then air-cooled, a notched-bend test 
could be obtained showing a completely fibrous structure. H e  
agreed, of course, with Dr. Hatfield that the tensile test was the 
fundamental test, all others being subsidiary or auxiliary, although 
often valuable. 

Dr. Hatfield said (page 367) : ‘‘ The question which has to be 
decided is whether we must dissociate notch brittleness from true 
brittleness, which must be admitted is occasionally experienced in 
steels.” The problem to be solved was whether really brittle steel 
could give satisfactory results under static tests, or was a sharp 
notch needed to bring out the evidence of brittleness. He  would 
say that a bend test would, in all likelihood, do this if the tensile 
test itself did not. 
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On page 373, Dr. Hatfield said : ‘‘ The appearance of fractures, 
that is, crystalline or fibrous, has always had much weight in 
determining whether steel is brittle or non-brittle. . . . The materid 
in tough and notch brittle condieions respectively will break with 
fibrous fractures in tension, whilst under a notched-bar test the 
former will have a fibrous and the latter a crystalline fracture.” 
His experience was that this, as a rule, was true, but it did not 
always hold good, In using the Izod testing-machine, he found, 
as a rule, that with alloy high-tensile steels treated, there was very 
little discrepancy between values obtained with round-notch and 
square-notch test-pieces, but with the mild quality of carbon-steels 
the difference was very great and the square-notch test-pieces gave 
better results than the round ones. He  considered that the Izod 
or Charpy test was most useful for heat-treated alloy steels, as 
they showed very distinctly, when read in relation to  the other 
tests, whether the material had received proper heat-treatment or 
not. Also, he found the Sankey test similarly useful for mild 
steels. 

A number of years ago (in 1904) his firm made an extensive 
series of fatigue tests, notched and unnotched, similar to the 
Arnold test, and of repeated-blow tests, notched and unnotched, 
on high tensile silicon steels and mild carbon-steels. The results 
of these showed very clearly the higher strength and resistance of 
high-tensile steels. 

Dr. W. H. I~ATFIELD wrote that he had read with interest 
Mr. Maclay’s comments. Mr. Maclay’s Company were extremely 
large producers of certain classes of steel, and an opinion based 
upon their accumulated experience was n valuable addition to the 
discussion. 

With regard to the opening question, concerning the influence 
of stress: and time on the elastic limit, he (Dr. Hatfield) had not 
sufficient data to make a statement, but he was of the opinion that 
steel would bear, indefinitely, stresses within the true elastic 
range. I n  discussing this question, one could easily be led into 
writing platitudes, but he hoped that his reply to other contributor8 
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to the discussion liad already permitted him to make clear his 
views on this point. When we spoke of the truly elastic range of 
the material we were including every part of it, but the dificulty 
with industrial material was that  the heterogeneity of structure 
facilitated, under certain conditions of non-uniform stress, the 
production of local stresses in excess of the truly elastic range of 
some portion of the material. He  was glad to note that Mr. Maclay 
could confirm his opinion that many of the troubles associated 
with steel were due to faulty treatment, leaving in the parts 
potential causes of failure. The interesting case of the boiler 
which had been in service for thirty-four years was instructive, 
and he (Dr. Hatfield) would much appreciate a sample of that 
plate with a view to submitting it to the different forms of tests 
described in the Paper. He  would like to emphasize the point 
brought forward with regard to the release of stress when test- 
pieces were cut. That was a point sometimes lost sight of, but 
which might readily be an important factor in the solution of 
important problems. 

With regard to the bend-test he (Dr. Hatfield) shared Mr 
Maclay’s opinion. The test was extremely valuable and did 
undoubtedly do much to give a true indication of the reliability 
and toughness of the material. 

In conclusion, he was happy to see that Mr. Maclay confirmed 
the opinion which he had expressed with regard to the considerable 
value of high-tensile steel. He felt that the day was coming when 
engineers would not be content with low-tensile material in many 
of the parts which were now constructed of it. 
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